| INTRODUCTION
Corticosteroids were widely used in patients with severe influenza infection. The use of corticosteroids is based on the underlying pathogenesis of severe influenza infection, which is characterized by overproduction of proinflammatory cytokines/chemokines 1, 2 and an excess of activated lymphocytes, 3 which may result in severe lung damage 4, 5 and delayed recovery. 6 Moreover, animal model studies also found that corticosteroid treatment decreased mortality and ameliorated the acute lung injury induced by influenza A(H1N1)pdm09
virus. 7, 8 Although corticosteroids are posited to be beneficial in the treatment of severe influenza patients, clinical results remain contradictory and opposition overwhelms support in studies published so far. [9] [10] [11] [12] [13] [14] [15] [16] [17] It is reported that corticosteroid might impair viral clearance and increase secondary infection. 13, 18, 19 The major guidelines recommend avoiding the use of systemic corticosteroids beyond special occasions such as adrenal insufficiency and severe COPD. 20 This discrepancy between the "reality" and theory might be translated to the following conditions. First, corticosteroid is definitely not effective at all for all influenza patients due to its side effects. Second, the truth is covered by some confounders, due to that corticosteroid tends to be given to more severe patients. Third, corticosteroid might be only effective at a certain dosage for a specific group of influenza patients who are characterized with severe cytokine storm. However, it is not useful or even harmful for patients otherwise. Therefore, the additive effect on mortality of all patients might be neutral or even harmful, as previously reported. 17, 21 Although the benefits of corticosteroids therapy were recently reported in randomized controlled trials (RCT) and observational studies in patients with severe community-acquired pneumonia, [22] [23] [24] no RCT about the effect of corticosteroids on mortality of influenza-infected patients has been completed. The majority of researches published so far are retrospective observational studies, [12] [13] [14] [25] [26] [27] [28] [29] [30] and most of them involved a relatively small sample. Although meta-analysis could counteract the small sample size, lack of consistency between studies would preclude any firm conclusions. 17 31 However, the effect of low-to-moderatedose corticosteroids on patients with influenza A(H1N1)pdm09 viral pneumonia has not been determined.
Using the largest nationwide database, 33, 34 comprising of 2141 hospitalized adolescent and adult patients with influenza A(H1N1) pdm09 viral pneumonia, we explored the effect of different doses of adjuvant corticosteroid therapy on mortality of these patients with different disease severity.
| METHODS

| Study population and data collection
This study was a retrospective database analysis approved by the research ethics committee of Beijing Chao-Yang Hospital (10-ke-17).
Requirement for written informed patient content was waived, because all data were anonymous. (Table 1) by means of forward logistic regression. The probability for the entry and stepwise removal was 0.05 and 0.10, respectively. All these independent factors were further used to adjust the effects of systemic corticosteroids. Subgroup analysis was performed for patients with influenza A(H1N1)pdm09 viral pneumonia with PaO 2 / FiO 2 <300 mm Hg and PaO 2 /FiO 2 ≥300 mm Hg on admission.
To minimize the effect of selection bias, we further performed one-toone matching, based on propensity score analysis between patients with low-to-moderate-dose corticosteroids and control, and between patients with high-dose corticosteroids and control. The propensity scores were determined using multiple logistic regression without regard to outcome.
All pre-specified co-variables related to the propensity for mortality or for receiving corticosteroids were included in the final models. C-statistics was used to assess model discrimination. To develop propensity scorematched pairs without replacement (a 1:1 match), the greedy 5 to 1 digit match algorithm was used, as previously described. 13 We assessed the balance of baseline covariates between the two treatment groups using the Wilcoxon signed-rank test for continuous variables and McNemar's test for binary categorical variables. In the propensity-matched cohort, the Kaplan-Meier method with log-rank testing was used to assess differences in mortality between corticosteroid groups and controls.
All tests were two-tailed, with the significance level set at 0.05. All analyses were carried out using SPSS software for Windows (release 17.0) and SAS version 9.1 (SAS Institute, Cary, NC).
| RESULTS
| Clinical characteristics of the cohort
During the 4-month study period, 2415 hospitalized patients with influenza A(H1N1)pdm09 viral pneumonia were registered, of which 274 were excluded for lack of important clinical information or because of duplicate entries ( Figure 1 ). Altogether, 2141 hospitalized cases from 407 hospitals in 27 provinces or municipalities in mainland China were enrolled for final analysis (Table S1 ).
The median age of the cohort was 34.4 years, and 89% of all the patients were younger than 60 years. The patients were hospitalized within a median duration of 5 days after disease onset, and PaO 2 /FiO 2 on admission was<300 mm Hg in 54.2% of these patients. The mortality rates of patients with PaO 2 /FiO 2 <100 mm Hg, 100-200 mm Hg, 200-300 mm Hg, and ≥300 mm Hg were 48.4%, 23.8%, 16.9%, and 3.5%, respectively. At least one type of antibiotic was administered to 97.7% patients on admission. Oseltamivir was the only NAI used and was given to 95.6% patients within a median duration of 6 days after disease onset (Table 1) . (Table 2 ).
| Corticosteroid treatment
| Effect of corticosteroids on mortality by Cox regression analysis
Univariate analysis (Table S2) showed that many factors other than corticosteroid treatment were correlated with mortality, such as (Table 3) . To further overcome the immortal time bias, a timedependent covariate Cox regression analysis was conducted with the time duration from disease onset to initiation of corticosteroid treatment being considered, and we obtained similar results (Table S3 ). In the sensitivity analysis, 722 patients who had potential indications for corticosteroid treatment that may have skewed the results, including asthma, COPD exacerbation, pregnancy/post-partum, immunosuppressive conditions, or shock, were excluded, but similar results were obtained (Table S4) . 
| Propensity score-matched case-control analysis of the effect of corticosteroids on mortality
Propensity scores were calculated using a multivariate logistic regression model that included all the factors listed in Table S5 and   Table S6 , except for the outcomes, and C-statistics was 0.839, indicating good model discrimination. Then, 265 propensity scorematched pairs (Table S5) were generated from the low-to-moderate-dose corticosteroid group (n=662) and control group (n=1086).
In the high-dose corticosteroid group (n=367), 148 patients were matched to 148 cases from the control group (Table S6 ). The baseline characteristics and treatment regimens except for corticosteroids, including timing of antiviral therapy and timing of hospitalization, were well balanced between the patients in the propensity scorematched corticosteroid group and that in the control group (Table   S5 and Table S6 ).
Kaplan-Meier survival curves (Figure 2A ) for the propensity score-matched low-to-moderate-dose corticosteroid group and control group showed that 30-day mortality in the corticosteroid group was significantly lower than that in the control group (log-rank chi-squared=10.48, P=.001). In subgroup analysis, this difference in mortality between the two groups was even more significant when only patients with PaO 2 /FiO 2 <300 mm Hg on admission were assessed (log-rank chi-squared=13.24, P<.001; Figure 2B ). However, the difference was not significant when only patients with PaO 2 /FiO 2 ≥300 mm Hg on admission were taken into account (log-rank chi-squared=0.17, P=.683; Figure 2C ).
Similar results were observed for survival analysis censored at 60 days (Fig. S1 ).
Neither the 30-day (Figure 3 ) nor the 60-day mortality (Fig. S2 ) was significantly different between the propensity score-matched highdose corticosteroid group and the control group. Only 20 patients with PaO 2 /FiO 2 ≥300 mm Hg were given high-dose corticosteroid therapy, and one death occurred; therefore, subgroup analysis was not feasible for these patients.
| Effect of corticosteroid treatment on nosocomial infection
Nosocomial infection occurred 21.5% (227/1055) of patients in the corticosteroid group, which was significantly higher than that in the control group. Compared with the low-to-moderate-dose corticosteroid group, more patients in the high-dose corticosteroid group experienced nosocomial bacterial infection (16.8% vs 24.8%,
P=.002).
The most common isolated pathogens were Acinetobacter baumannii, Pseudomonas aeruginosa, and Staphylococcus aureus (Table 4) .
| DISCUSSION
Using a nationwide database comprising of 2141 hospitalized influenza A(H1N1)pdm09 viral pneumonia patients, among whom 89%
were younger than 60 years, we found that severe influenza A(H1N1) pdm09 viral pneumonia patients with PaO 2 /FiO 2 <300 mm Hg might benefit from low-to-moderate-dose corticosteroid. However, for the less severe patients with PaO 2 /FiO 2 ≥300 mm Hg, corticosteroid therapy might be harmful.
Corticosteroids were not recommended for patients with influenza
infection by some guidelines. 20 A considerable number of observational studies have shown that mortality rates in influenza-infected patients who received corticosteroid therapy were similar or even higher than that in patients who did not. 17, 21 In this study, univariate analysis also revealed that corticosteroid therapy was associated with increased mortality; however, patients who received corticosteroid therapy had more severe baseline disease (Table S5 and Table S6 ). Therefore, the higher mortality rate in corticosteroid group might just result from the more severe baseline condition of patients in this group. 17 One study of influenza A(H1N1)pdm09 virus-infected patients with ARDS
showed that low-to-moderate-dose corticosteroid (1 mg·kg
) was associated with improvement of lung injury and reduced mortality.
However, this conclusion was limited by a low number of cases. 9 To further explore whether corticosteroid therapy at a certain dose range is effective for a certain group of influenza pneumonia patients or not, we performed stratified analysis of patients with different disease severity, based on PaO 2 /FiO 2 on admission. This stratification is of great importance, because PaO 2 /FiO 2 is a key factor predicting mortality and may respond to corticosteroid use. 30, 37 In the present study, based on the largest dataset to date, we found that corticosteroids have a tendency to reduce mortality of patients with severe influenza A(H1N1) Despite being an important factor related to the efficacy of corticosteroids, dosage was mentioned in few studies published to date. 17, 21 In the current study, we further performed stratified analysis based on the doses of corticosteroids and found that only lowto-moderate dose of corticosteroids could lower the mortality rate in severe influenza A(H1N1)pdm09 viral pneumonia patients with PaO 2 / FiO 2 <300 mm Hg. The beneficial effect was not noticed in the largedose corticosteroid group.
Except for the above factors, difference in study population might be another important element that contributed to the inconsistency between results revealed in this study and that published before. 13, 14 Compared to the study population in previous researches, 17 patients enrolled in this study were much younger with a median age of just 34.4 years and fewer with underlying diseases. In both Kim and Brun's study, the mean age of patients was more than 10 years older than patients in this study, and more than 80% of them had one or more comorbidities. 13, 14 And further the younger age and fewer underlying disease might lead to fewer secondary infection. 38, 39 Although compared to that in patients who did not receive corticosteroid therapy, the secondary infection rate was higher in the corticosteroid group, especially in the large-dose corticosteroid group, it was still much lower than that in the study by Kim, which reported that 57% of their total study population complicated secondary bacterial infection. 13 We further divided the patients into two groups based on their age as well as comorbidities. By multivariate Cox regression analysis, we found that corticosteroid showed no beneficial effect in influenza viral pneumonia patients aged >60 years or with comorbidities, while low-to-moderate corticosteroid therapy reduced mortality in severe influenza viral pneumonia patients (PaO 2 /FiO 2 <300 mm Hg) younger than 60 years and without any underlying disease (Table S7) .
Although the statistical power might not be potent enough to draw a robust conclusion, it gave us some hints that effect of corticosteroid might be influenced by age and underlying diseases of target population.
This study has some limitations. First, the intrinsic defects of retrospective studies were unavoidable, as confounding factors cannot be addressed completely. And the indication of corticosteroids and why the varied doses were used were not well recorded in the database.
Although we tried to minimize the selection bias for corticosteroid use among different patients with propensity-matched analysis, only the known and measured confounders can be adjusted. Second, the effects of corticosteroids on viral shedding could not be assessed due to missing data. Third, in contrast to evaluation of a single dose in an RCT design, the dose in this study ranged from 25 to 150 mg. As body weights were not recorded in detail, doses of corticosteroids could not be calculated based on body weight.
Collectively, although we cannot avoid the possibility that the results might be skewed by the intrinsic limits of retrospective studies, our data should give some hints for future RCT studies. When considering an experimental therapy in influenza pneumonia patients, lowto-moderate dose corticosteroid should be tested preferably among the severe viral pneumonia patients with PaO 2 /FiO 2 <300 mm Hg. Categorical variables were presented as number (percentage). Chi-squared test was used for comparison of patients from different groups.
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